Oils of Artemisia nilagirica var. septentrionalis plants growing at different altitudes in Himachal Pradesh, India were hydro-distilled and analyzed by GC-GC/MS. The major constituents of the oil show variation with changes in altitude. At lower, middle and higher altitudes, the major constituents of the oil were caryophyllene oxide (28.6%), borneol (35.8%) and camphor (46.9%), respectively. The percentages of α-humulene and trans-β-guaiene also increased, but the percentage of sabinene, trans-sabinene hydrate, 4-terpineol, caryophyllene oxide and humulene epoxide-II decreased with an increase in altitude. The characteristic compounds observed in the plants from lower altitudes were 2-hexene-1-ol, β-thujone, thujanol, myrtenol and linalyl acetate, while the higher altitude plants were characterized by the presence of α-pinene, β-pinene, limonene, linalool, γ-gurijunene, germacrene-D and farnesol.
Artemisia nilagirica var. septentrionalis Pamp., syn A. vulgaris L. (Family Asteraceae), plants are distributed mostly in the Western Himalayas. The plants produce a light yellow oil. [1] . A. nilagirica is used in traditional medicine as a tonic and in the treatment of bronchial troubles [2] . An ointment of A. nilagirica oil has been reported as an antifungal agent against dermatomycosis [3, 4] . An insecticidal principle, capillin, has also been isolated from the petroleum extract of A. nilagirica [5] .
The essential oil of A. nilagirica is reported to contain camphor, β-eudesmol, 1,8-cineole and borneol [6] . Recently, the composition of the essential oil of A. nilagirica var. septentrionalis has been reported [7] . In the present study, the oil obtained from A. nilagirica var. septentrionalis plants growing at different altitudes in Himachal Pradesh were analyzed by GC-GC/MS and thirty-four constituents were identified. In the Shimla, Mandi and Manali samples, the oil yield was 0.25%, 0.56% and 1.0%, respectively. The identified constituents in the oils totaled 23, 17 and 24, constituting 76%, 83% and 93% of the total oil, respectively. At the lower altitudes of Mandi, caryophyllene oxide (28.6%) was the major constituent of the oil followed by methanoazulene (10.9%) and borneol (4.5%). At the middle altitude of Manali, borneol (35.8%) became the major constituent of the oil followed by methanoazulene (14.7%) and caryophyllene oxide (13.4%). However, at the higher altitude of Shimla, the major oil constituents were quite different. In this case camphor (46.9%) was the major constituent followed by β-caryophyllene (13.3%) and α-humulene (9.7%). The characteristic constituents identified in the oil of plants collected from Mandi were 2-hexene-1-ol, β-thujone, thujanol, myrtenol and linalyl acetate, which were not identified in the oils from the other places. Oil obtained from the plants collected from Manali had only three characteristic constituents, which were α-phellandrene, β-phellandrene and α-thujone. The Shimla materials contained a maximum of seven characteristic constituents in its oil, which were α-pinene, β-pinene, limonene, linalool, γgurjunene, germacrene D and farnesol. However, eleven constituents were observed to be common in all the examined samples; these were sabinene, trans-sabinene hydrate, camphor, borneol, β-elemene, β-caryophyllene, α-humulene, trans-β-guaiene, caryophyllene oxide, methanoazulene and humulene epoxide-II.
It is interesting to note that some of the compounds, such as α-humulene and trans β-guaiene, increase in quantity with an increase of altitude, while constituents like sabinene, trans-sabinene hydrate, 4-terpineol, caryophyllene oxide and humulene epoxide-II increase in quantity with a decrease in altitude. Although the oil of A. nilagirica var. septentrionalis has been analyzed during different growth stages in the plants that were domesticated under sub-tropical north Indian conditions [7] , the present study suggests that the yield of oil is low at lower altitude, but increases when the plants grow at higher altitudes. Interestingly, several constituents like p-cymene, β-fenchyl alcohol, γ-gurjunene, trans-βguaiene, humulene epoxide-II and farnesol, which were observed in the natural plants, were not observed in the domesticated plants. In sub-tropical conditions, the domesticated plants also developed constituents like γ-terpinene, bornyl acetate, δ-cadinene and β-eudesmol, which were not observed in the naturally growing plants. However, the major oil constituents in the vegetative plants remained camphor and β-caryophyllene, but the quantity of camphor reduced drastically in the domesticated plants, while that of β-caryophyllene remained almost the same [7] . 
Experimental

GC-GC/MS analysis:
GC of essential oils was carried out using a Perkin Elmer AUTO-XL GC, capillary column PE-5 (50 m x 0.32 mm x 0.25 μ film thickness) with the oven temperature programmed from 100°-280°C at 3°/min with an initial hold of 2 min. Injector and detector temperatures were maintained at 220°C and 300°C, respectively. Hydrogen at 10 psi was used as a carrier gas, with a split ratio of 1:50. The GC/ MS analysis was carried out in EI mode using a Perkin Elmer Auto XL/ Tubo Mass instrument with the same column and under identical analytical conditions. Helium at 10 psi was used as a carrier gas with a split ratio 1:20. Mass spectral data were analyzed using NIST and Wiley library information.
